We have studied DNA repair in the Chinese Hamster Ovary (CHO) metallothionein (MT) gene after UV-light induced damage. The repair was examined comparatively with or without transcriptional activation of the gene by incubation in the presence of the heavy metal ZnCl2-Whereas the repair efficiency was very low in the uninduced state, it increased significantly after induction of the gene. The presence of ZnClg did not appear to change other repair parameters in the cells. The overall genome DNA repair efficiency after UV irradiation was similar whether or not the gene was induced and the preferential DNA repair pattern in the essential dihydrofolate reductase (DHFR) gene which we have previously described was unaffected by the presence of ZnCl2. Based upon repair analysis in two different restriction fragments containing the MT I gene, we conclude that the region of efficient repair after induction is considerably larger than the 1 kb size of the gene. The results suggest that the accessibility of a genomic region to DNA repair enzymes may be regulated by the local chromatin structure in a dynamic manner.
INTRODUCTION
We have previously examined the DNA repair characteristics in genomic sequences in rodent and human cell lines after UV irradiation, and presented evidence that active genes are preferentially repaired (1,2). Rodent cell lines are known to be deficient in the overall genome repair of UV-induced pyrimidine dimers, but active genes are repaired as efficiently as DNA in normal, repair proficient cells. The discovery of preferential repair has provided an explanation for why rodent cells are as UV-resistant as human cells (1) . In normal human cells preferential DNA repair of active genes is manifested by more rapid repair in the genes than in the overall genome (2). Preferential repair of active genes thus appears to be a normal feature of mammalian DNA repair. Furthermore, there is evidence that UV-survival may be more closely associated with DNA repair in active genes than with the average repair in the overall genome (3).
In Chinese hamster ovary (CHO) cells, sequences located within the trans-cribing region of the essential dihydrofolate reductase (DHFR) gene are repaired much more efficiently after UV-damage than are non-transcribing sequences located just 10 kb downstream from the gene (1). These changes in the DNA repair pattern within a small region may be ascribed to chromatin structural alterations in the genome (4). In mouse cells, DNA repair efficiency has been examined in different proto-oncogenes: whereas 80% of the pyrimidine dimers were removed from the c-abl proto-oncogene in a 24 hour period, only 20% were removed from the c-mos proto-oncogene in that period (5). These differences in DNA repair efficiency are likely to relate to gene activity since the c-abl gene is actively transcribed in these cells whereas the c-mos gene is not.
The results so far have indicated that transcribing regions are repaired more efficiently than are non-transcribed regions. We have searched for an experimental system which permits a more direct comparative study of DNA repair efficiency and transcriptional activity, such as a gene which can be modulated with respect to transcription. This would demonstrate whether DNA repair capacity is linked with a specific "permanent" chromatin structure surrounding a sequence, or whether it is dynamic and changes with the rate of transcription in specific regions at any given time.
A number of genes are inducible after activation by external inducers and one of the most studied is metallothionein (MT). Mammalian genomes encode two closely related metallothioneins, MT I and MT II, which are rapidly and transiently induced by exposure to heavy metals such as cadmium, zinc and copper, and by various circulating factors including hormones and interferon (6-8). This has been thoroughly described in mouse, hamster and human cells, and many features have been reviewed by Hamer (9). The optimal metal concentration for induction varies in different systems but is generally just below the level causing cell toxicity. 
RESULTS AND DISCUSSION
The data in Table 1 Active genes have been proposed to have a more open chromatin structure than non-active genomic regions (19) , and it is likely that the "openness" or accessibility of a genomic region determines the efficiency with which it is being repaired after damage. Our findings here, although confined to one example, suggest that the changes which govern the accessibility of repair enzymes can be dynamic in character and that the repair efficiency of a region may depend on the local chromatin structure at any given time. Since DNA repair presumably precedes transcription (20) , regulation of DNA repair may be closely related with that of transcription.
